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METHOD OF DEFECTIVE PIXEL ADDRESS
DETECTION FOR IMAGE SENSORS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of U.S. Pro-
visional Application Ser. No. 60/217,824, filed Jul. 12, 2000,
the full disclosure of which 1s mncorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a method of pixel address
detection of an 1image sensor. More particularly, the present
invention relates to a method of defective pixel address
detection of an 1mage sensor.

2. Description of Related Art

As the multimedia era 1s coming, digital information, such
as digital images or digital movies, becomes more popular.
Modem technology has highly developed, and the cost of
image sensors for generating digital images or pictures
reduces. More people can access these high technological
products. However, there are still some problems about the
Image Sensors.

Due to the current process, it 1s hard to fabricate an 1mage
sensor perfectly without any bad or defective pixel thereon.
Therefore, there are always some defective pixels on the
image sensor after it i1s fabricated. The image or picture
sensed by the defective pixels will affect the quality of the
image or picture. And the following imaging procedure,
such as color processing or image compressing etc, will also
affected. How to reduce the effect of the defective pixels of
the 1mage sensor becomes a significant topic.

SUMMARY OF THE INVENTION

The mvention provides a method of defective pixel
address detection for an 1image sensor. The method com-
prises: (a) comparing a defective pixel address with a sensor
address, wherein the defective pixel address 1s stored 1n a
memory clement 1n advance when the i1mage sensor 1s
tested; (b) outputting a defective pixel flag if the sensor
address 1s equal to the defective pixel address; (c) increasing
an index value by one unit and returning to the step (a); (d)
comparing the defective pixel address with an empty sig-
nature if the sensor address 1s not equal to the defective pixel
address; (¢) increasing the index value by one unit if the
defective pixel address 1s equal to the empty signature, and
returning to the step (a); and (f) returning to the step (a) if
the defective pixel address 1s not equal to the empty signa-
ture.

The mvention provides a method of defective pixel
address detection for an 1image sensor. The method com-
prises the steps of: storing a plurality of defective pixel
addresses during the 1mage sensor 1s tested. A pixel address
of the 1mage sensor 1s read and then one of the defective
pixel addresses 1s fetched. The first fetched defective pixel
address 1s compared with the pixel address of the sensor
address. If the pixel address 1s equal to the defective pixel
address a defective pixel flag for indicating the current pixel
1s bad 1s outputted, and then an index value 1s increased by
one unit. Another defective pixel address which 1s indexed
next to the first fetched defective pixel address i1s further
fetched. The defective pixel address 1s further compared
with an empty signature 1f the pixel address 1s not equal to
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the defective pixel address. The 1ndex wvalue 1s then
increased by one unit if the defective pixel address is the
empty signature, and another defective pixel address which
1s indexed next to the first fetched defective pixel address.
Another defective pixel address which 1s indexed next to the
first fetched defective pixel address 1s further fetched if the
defective pixel address 1s not the empty signature.

Advantageously, the present mnvention provides an effec-
tive and efficient method for determining whether the pixel
of the 1image sensor 1s defective, by which the following
color processing and 1mage compression etc can be signifi-
cantly simplified. In addition, the method of defective pixel
address detection for 1mage sensor 1s 1n a simple and low
COSL way.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion. In the drawings,

FIG. 1 schematically shows a block diagram for carrying
out the method of the present mmvention according to one
preferred embodiment of this 1nvention;

FIG. 2 1llustrates a schematic diagram of the format of the
storage unit for fully storing the defective pixel addresses
according to one preferred embodiment of this invention;

FIG. 3 1llustrates a schematic diagram of the format of the
storage unit for storing the defective pixel addresses with
empty signatures according to one preferred embodiment of
this 1nvention; and

FIG. 4 schematically shows a flow chart of the method of
defective pixel address detection for image sensor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 schematically shows a block diagram for carrying
out the method of the present invention. The circuit of
defective pixel address detection for an 1mage sensor com-
prises at least a memory element 10 and an address com-
parator 20. The memory element 10 1s used for storing the
defective pixel addresses which are detected during the
image sensor 15 tested. The memory element 10 can be a fuse
array, for example. The address comparator 20 receives a
current sensor address of the image sensor Sensor addr and
fetches a defective pixel address Def pixel addr from the
memory e€lement 10. The address comparator 20 then com-
pares the two addresses, Sensor addr and Det pixel addr. It
the two addresses Sensor addr and Def pixel addr are the
same, which means a hit, the address comparator 20 gener-
ates a flag bit F to indicate that the current sensor address of
the 1mage sensor 1s a defective pixel. The index of the
memory element 10 1s increased by one unit, such as 1, to
begin another cycle of address comparison. If the two
addresses Sensor addr and Def pixel addr are not the same,
which means a miss, the address comparator 20 sets the flag
bit F to a value, such as 0, to indicate that the current sensor
address of the 1mage sensor 1s a good pixel. And then another
cycle of address comparison 1s begun.
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FIG. 2 1llustrates a schematic diagram of the format of the
storage unit for storing the defective pixel addresses. As
shown 1n FIG. 2, for example, the memory element 10
contains 128 addresses, which are indexed from 0 to 127.
Each indexed address may consist of a row address and a
column address of every defective pixel address, for
example. In this embodiment, the defective pixel address of
index 0 1s 0000__0000__0000__0000_0100. For conve-
nience, the defective pixel addresses stored in the memory
clement 10 1s 1n an ascending order, but not limited 1n the
present invention. In the example shown in FIG. 2, the
memory element 10 1s full of the defective pixel addresses.
When the index 1s pointed to the last one, the index 127, of
the memory element 10 and there 1s a hit, the index 1is
wrapped around to the first one, the index 0, of the memory
element 10.

FIG. 3 illustrates a schematic diagram of the format of the
memory element 10 for storing the defective pixel
addresses. As shown 1n FIG. 3, for example, the memory
clement 10 contains 128 addresses, which are indexed from
0 to 127. Each indexed address consists of a row address and
a column address of every defective pixel address, for
example. For convenience, the defective pixel addresses
stored 1n the memory element 10 1s in an ascending order,
but not limited 1n the present mvention. However, in the
example shown 1n FIG. 3, the total number of the defective
pixels 1s less than that of the memory element 10, each of the
remained spaces of the memory element 10 1s stored with an
empty signature for indicating that no more defective pixel
address 1s stored. The empty signature, for example, has a
format of 1111_ 1111_ 1111_1111_1111. The index 126
and 1ndex 127 are examples for empty signature. When the
empty signature 1s read, the index 1s forced to be increased
by one. Similarly, when the mndex 1s pointed to the last one,
the index 127, of the memory element 10 and there 1s a hat,
the 1ndex 1s wrapped around to the first one, the index 0, of
the memory element 10.

The method of defective pixel address detection for image
sensor 1s described 1n detail according to FIG. 4. FIG. 4
schematically shows a flow chart of the method of defective
pixel address detection for an 1mage sensor.

The feature of the algorithm of the present invention 1s
that the addresses of the defective pixels are put in the
memory element (item 10 as shown in FIG. 1) in a specific
order, such as an ascending order. Therefore, if there 1s a hat,
the index can be simply increased by one unit, such as 1, and
then another address comparison cycle 1s begun.

Referring to FIGS. 4 and 1, according to the embodiment
of the present 1nvention, after an image sensor 1s fabricated,
the 1mage sensor 1s tested for finding defective pixels on the
image sensor. The detected defective pixel addresses are
then stored into the memory element 10 1n an ascending
order. The memory element 10 further comprises an index
for indicating the current fetched defective pixel address,
which as shown 1 FIG. 2 or FIG. 3.

As the 1mage sensor operates, a reset step 1s performed, by
which the index of the memory element 10 indicates the first
location that will be fetched first as following, and the image
sensor 1s set to the first pixel waiting for sensing.

When the sensing process begins, the pixel addresses of
the 1mage sensor are read in sequence. After one pixel
address of the 1mage sensor 1s read by the address compara-
tor 20, the address comparator 20 further fetches a defective
pixel address indicated by the index O from the memory
clement 10.

As shown 1n FIG. 4, the step S30 1s then performed. The

address comparator 20 receives the pixel address of the
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image sensor Sensor addr and the defective pixel address
Detf pixel addr, and compares the two addresses. If the
address Sensor addr hits the address Det pixel addr, which
means the same, the step S32 1s performed. Namely, the
address comparator 20 outputs a defective pixel flag F for
indicating the current pixel of the 1mage sensor 1s a defective
or bad pixel.

After the defective pixel flag F 1s outputted, the step S34
1s performed to increase the index of the memory element 10
by one, for example index 1 as shown 1n FIG. 2 or 3. After
the 1ndex 1s increased by one, another address comparison
cycle begins. Namely, the address comparator 20 read
another pixel address of the image sensor and next defective
pixel address indicated by index 1.

In the S30 of the address comparison, If the address
Sensor addr misses the address Def pixel addr, which
means not the same, the step S36 1s peformed. Namely, the
address comparator 20 sets the defective pixel flag F to a
specific value, such as 0, for indicating the current pixel of
the 1mage sensor 1s a good pixel.

At the step S36, when address Sensor addr and address
Det pixel addr are not the same, whether the address
Det pixel addr 1s an empty signature 1s determined. The
empty signature, for example, has a {format of
11111111 11111111 1111. The index 126 and index
127 are examples for empty signature. When the empty
signature 1s detected, the index 1s forced to be increased by
onc. Namely, the empty signature of the defective pixel
address 1s detected, the step S34 1s performed to increase the
index by one. After the index 1s increased by one, another
address comparison cycle begins. Namely, the step S30 1s
performed and the address comparator 20 read another pixel
address of the 1mage sensor and next defective pixel address
indicated by index 1.

Furthermore, at the step S36, 1f the defective pixel address
1s not an empty signature, the procedure returns to the step
S30. The address comparator 20 read another pixel address
of the 1mage sensor and next defective pixel address indi-
cated by index 1.

Accordingly, the present invention provides an effective
and efficient method for determining whether the pixel of the
image sensor 1s defective during operation of the image
sensor. The following color processing and 1mage compres-
sion efc can be significantly simplified. In addition, the
method of defective pixel address detection for image sensor
1s 1n a simple and low cost way.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A method of defective pixel address detection for an
Image Sensor, cComprising:

(a) comparing a defective pixel address with a sensor

address, wherein the defective pixel address 1s stored 1n
a memory element 1n advance when the 1mage sensor
1S tested;

(b) outputting a defective pixel flag if the sensor address

1s equal to the defective pixel address;
(¢) increasing an index value by one unit and returning to
the step (a);

(d) comparing the defective pixel address with an empty
signature 1f the sensor address 1s not equal to the
defective pixel address;
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(e) increasing the index value by one unit if the defective
pixel address 1s equal to the empty signature, and
returning to the step (a); and

(f) returning to the step (a) if the defective pixel address
1s not equal to the empty signature.

2. The method of claim 1, wherein the defective pixel
address stored 1n the memory element 1s 1n an ascending
order.

3. The method of claim 1, wherein the memory element
1s a fuse array.

4. The method of claim 1, wherein the defective pixel
address stored 1in the memory element 1s 1n a format con-
sisting of a row address and a column address of the 1mage
SENSOor.

5. A method of defective pixel address detection for an
image sensor, comprising the steps of:

storing a plurality of defective pixel addresses during the
Image sensor 1s tested;

reading a pixel address of the 1mage sensor;

fetching one of the defective pixel addresses;

comparing the first fetched defective pixel address with
the pixel address of the sensor address;

outputting a defective pixel flag if the pixel address 1s
equal to the defective pixel address;

increasing an index value by one unit and fetching another
defective pixel address which 1s mdexed next to the
first fetched defective pixel address;
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comparing the defective pixel address with an empty
signature 1f the pixel address 1s not equal to the defec-
tive pixel address;

increasing the index value by one unit if the defective
pixel address 1s the empty signature, and then fetching
another defective pixel address which 1s indexed next
to the first fetched defective pixel address; and

fetching another defective pixel address which 1s indexed
next to the first fetched defective pixel address if the
defective pixel address 1s not the empty signature.

6. The method of claim §, wherein the plurality of the
defective pixel addresses are stored in a memory element.

7. The method of claim 6, wherein the defective pixel
addresses stored in the memory element 1s 1n as ascending,
order.

8. The method of claim 6, wherein the defective pixel
address stored 1in the memory element 1s 1n a format con-
sisting of a row address and a column address of the 1mage
SENSOL.

9. The method of claim 6, wherein the memory element
1s a fuse array.
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